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Abstract 
Highly sensitive hydrogen semiconductor gas sensor operating at room temperature is presented. The 
sensor is formed by crossed platinum electrodes in a form of long narrow bridges, separated by a TiO2 
thin film (sandwich-like structure). Sensitivity as well as response and recovery time of such 
sensor strongly depends on the width of the upper electrode. When the width of the upper electrode w 
is decreased below ~200 nm, the resistance response (RAir/RH2) of the sensor to 10000 ppm (parts per 
million) H2 in synthetic air can be as high as ~107  ǡ     
Ǥ Such steep increase of the sensor response was attributed to the abrupt change of the type of charge 
carrier transport from thermionic emission to electron drift.         
Ͳʹ̱ͳͲͳͳȳǡ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1. Introduction 
Importance of hydrogen in energy and transport industry is on its rise and hydrogen related technology remains in 
the spotlight of extensive research [1]. In this sector, leak detection plays a very important role because hydrogen is 
an invisible gas with no odor, it is highly explosive in a mixture with oxygen in a wide range of concentrations and 
causes degradation of many types of steel [2]. Highly sensitive, fast, stable and reasonably priced hydrogen gas 
sensors are therefore demanded [3]. One of the most widely used gas sensors are the chemiresistive metal oxide 
(MOX) sensors, which are based on the change of conductivity of a MOX layer in the presence of oxidizing and 
reducing gases [4]. Although they are already being used for a long time [5], their further research and improvement 
is still necessary. Among others, their most problematic drawbacks are low selectivity and high operating 
temperature, usually ranging approximately from 200 to 400 °C. Heating to such temperatures rises the power 
consumption and is undesirable for use in hazardous explosive environments.  
In this work, we present highly sensitive and fast reacting hydrogen gas sensors operating at room temperature. 
Prepared sensors are of Pt-TiO2-Pt sandwich type with top and bottom electrodes in a form of long narrow bridges 
perpendicular to each other, separated by the ~30nm thick nanocrystalline TiO2 layer. A sensor with the top 
electrode consisting of many parallel bridges was also prepared. We show that if the top electrode width is decreased 
below ~200 nm, the response (RAir/RH2) of the sensor significantly increases and for 10000 ppm H2 it can reach up to 
~107 even at room temperature. Physical mechanism responsible for such behavior is proposed. 
2. Experimental work 
2.1. Fabrication of the samples 
Two sets of samples were prepared, differing only by the TiO2 thin film deposition parameters. For all samples, 
in the first step the 100 μm wide bottom Pt electrodes were prepared by lift-off photolithography and by subsequent 
deposition of the 20 nm thick Pt layer by DC magnetron sputtering. After photoresist removal, 30 nm thick TiO2 
films were deposited by reactive DC magnetron sputtering from pure titanium target in mixed Ar + O2 atmosphere. 
Before deposition the chamber was evacuated down to ͷ ൈ ͳͲିସܲܽ. For the first set of samples, the gas flow rates 
regulated by mass flow controllers were set to 45 sccm (standard cubic centimeters per minute) for Ar and 14 sccm 
for O2. The partial pressure of oxygen before the deposition was 0.11 Pa, the total pressure during the deposition 
was 0.7 Pa. Target to substrate distance was 7 cm and the substrate was held at constant potential. The discharge 
current and voltage were 300 mA and 430 V respectively, yielding the average power density of 6 W cm−2. The 
second set of samples was deposited in the same chamber as the first set, only with modified deposition parameters. 
The gas flow rates were set to 54 sccm and 5 sccm for Ar and O2 respectively. The partial pressure of oxygen before 
the deposition was 0.05 Pa, the target to substrate distance was set to 5 cm and the substrate was biased by -50 V. In 
the next step, the top Pt electrodes in a shape of long narrow stripe with thickness of 20 nm were prepared by DC 
magnetron sputtering followed by the electron beam lithography and ion beam etching. The final structures were 
then annealed in furnace in ambient air at 600 °C for 1 h. The ramp rate was set to 6 °C per minute.  
2.2. Characterization of the samples 
According to X-ray diffraction (XRD) analysis, the as-deposited thin films were amorphous. After the annealing, 
XRD measurements shown the formation of nanocomposite of anatase and rutile with crystalline grain sizes of ~9 
nm for rutile and ~18 for anatase for the first set of samples and formation of pure rutile phase with crystalline grain 
sizes of ~10 nm for the second set [6]. The XPS analysis confirmed diffusion of Pt into the TiO2 layer during the 
annealing. We can thus expect to have close to ohmic Pt/TiO2 contacts.  
Surface topography of the prepared samples was studied by scanning probe microscopes NTegra Aura and Solver 
P47 Pro by NT-MDT. All measurements were performed in a semicontact AFM mode with standard silicon probes. 
Scan of the surface topography of the TiO2 layer after annealing is shown in Fig. 1. a). It confirms the 
nanocrystalline nature of the film, in agreement with the XRD measurements. 3D image of the ~200 nm wide top 
electrode crossing the edge of the bottom electrode is shown in Fig. 1. b). The final sensor structures can be seen on 
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the scanning electron microscope (SEM) images in Fig. 2. a) and b). These pictures were obtained by SEM device 
Vega II from Tescan. 
 
 
 
Fig. 1. (a) AFM topography image of the TiO2 surface; (b) AFM topography image of the sensor structure 
 
 
 
Fig. 2. (a) SEM image of the sensor with a single-stripe top electrode; (b) SEM image of the sensor with the top electrode consisting of 500 
parallel stripes. 
 
2.3. Gas response measurements 
Gas sensing measurements were performed in a closed chamber under constant gas flow regulated by two Red-y 
mass flow controllers. As the carrier gas, synthetic air (80% N2 and 20% O2) was used. H2 concentration in the 
measurement chamber is adjustable in the range from 300 ppm to 10000 ppm. The electrical resistivity of sensors 
was measured by a Keithley 6847 Picoammeter/Voltage Source controlled by a computer, allowing the resistance 
measurements in the range from ׽103 to ׽1011 Ω. 
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3. Results and discussion 
The sensor resistance at 0 and 10000 ppm H2 and resulting response defined by ratio RAir/RH2 as a function of the 
top electrode width is shown in Fig. 3 (a) for the first set of samples (anatase-rutile nanocomposite) and in Fig. 3 (b) 
for the second set of samples (pure rutile). All presented measurements were performed at room temperature (24 
°C). Data points of each graph are based on the saturated part of the dynamic response measurements. The bias 
voltage was set to 0.5 V and 1 V during measurements displayed in Fig 3. (a) and (b), respectively.   
                 
 
Fig. 3. Dependences of the sensor resistance at 0 and 10000 ppm H2 and response (ratio RAir/RH2) on the top electrode width, measured on (a) the 
first set of samples, with bias voltage 0.5 V; (b) the second set of samples, with bias voltage 1 V. 
One can see that the resistance at 0 ppm H2 (Rair) first increases with decreasing top electrode width as could be 
expected and then saturates at the value of ׽1011 Ω, which is our measurement limit. At 10000 ppm H2 the 
resistance also rises with deceasing top electrode width, but only until it reaches values close to ~200 nm. At this 
point, we see a non-trivial steep decrease of the sensor resistance in both sets of samples, and thus also significant 
increase of the sensor response given by ratio RAir/RH2. This non-ohmic effect has been attributed to the abrupt change 
of the conduction mechanism from thermionic emission to electron drift, caused by a steep increase of the electron 
temperature Te [cla6].  
One of the problematic properties of these sensors is their very high resistance. The resistance at 0 ppm H2 
obtained from our measurements is in the order of ~1011 Ω in all cases (see Fig. 3), what is our measurement limit. 
According to our rough estimate based on the Ohm’s law, the real resistance of the structures can be 1-3 orders of 
magnitude higher, depending on the electrode width. Small H2 concentrations up to ~1000 ppm are therefore almost 
undetectable at room temperature, since the resistance is still above the measurement limit. To decrease the overall 
resistance of the sensor, a sample with the top electrode consisting of 500 parallel bridges was prepared. Dynamic 
response measurements on this sample at different H2 concentrations at room temperature are presented in Fig. 4. 
(a). In Fig. 4. (b), dependence of the sensor response (RAir/RH2) on H2 concentration is shown. One can see that 
although the sensor resistance at 0 ppm H2 is still around ~1011 Ω, at 300 ppm H2 it decreases close to 109 Ω, what 
gives measurable response of approximately 102. 
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Fig. 4. (a) Dynamic response of the sensor with the top electrode consisting of 500 parallel bridges to H2 concentrations from 300 ppm to 10000 
ppm; (b) Dependence of the sensor response (RAir/RH2) as a function of H2 concentration for the same sample. 
 
4. Summary 
Hydrogen gas sensors based on nanoscale Pt-TiO2-Pt sandwich structures were prepared and their gas sensing 
properties were measured. It has been shown that if the width of the top electrode is decreased below ~200 nm, the 
response (RAir/RH2) of the sensor to hydrogen rises rapidly and can be as high as ~107 for 10000 ppm H2 even at 
room temperature, with reaction time of only a few seconds. Such steep increase of the sensor response was 
attributed to the abrupt change of the type of charge carrier transport from thermionic emission to electron drift. 
Since the resistance of the sensing structures at 0 ppm H2 was over our measurement limit of ~1011 Ω, sensor with 
the top electrode consisting of 500 parallel stripes was prepared. This ensured measurable resistance also at low H2 
concentrations below 1000 ppm. Response of this sensor to 300 ppm H2 was more that 102 at room temperature. 
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